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ABSTRACT
Rapid irreversible exothermic amorphous-to-polycrystalline phase 
transitions have recently been reported in amorphous Ge and In. Ga Sb films.
i. - X  X
-6Such transformations occur in ~ 10 sec in a local domain (with a typical 
diameter of 1 wn) of the film in response to an energy impulse supplied, for 
example, optically by a pulsed laser or mechanically by a needle tipped 
stylus. The crystallization front can propagate throughout the film in a 
cascade process with velocities on the order of several hundred cm/sec if 
the energy released from the crystallization of one domain is sufficient to 
trigger the adjacent domain under the existing experimental conditions. 
Experimental results are presented which demonstrate that propagation of 
the crystalline front depends upon the sample temperature as well as its 
thermal history. A simple thermal transport model is also presented which 
expresses in functional form the parametric requirements for the propagation 
of impulse stimulated crystallization (ISC). All reported experimental 
results including the sample temperature and thermal history dependence, 
variations in the transformed surface topographical structure, and the 
critical thickness effect can be explained by this model.
Permanent address: Batelle Columbus Laboratory, Columbus, Ohio.
Permanent address: Technical University of Budapest, Budapest, Hungary.
2I. Introduction
Rapid amorphous to crystalline phase transitions have been of
interest for use in switching, memory, and other types of electronic devices
( 1 2 )for many years. ’ Most of the work in this area has been centered on 
inorganic glassy semiconductors such as chalcogenides in which the amorphous 
state can be obtained using relatively modest quench rates, reportedly as
(3)low as several degrees per min. In such materials, reversible switching 
devices can be fabricated utilizing the formation of conducting filaments 
through the more highly resistive amorphous semiconductor. The filaments 
are metallic crystallites formed by electrical joule heating or laser pulses. 
Such filaments can be '’erased" by imposing higher intensity thermal pulses 
followed by rapid quenching.
Rapid irreversible amorphous-to-crystalline phase transformations 
which can be made to propagate throughout the bulk of the sample have also 
been reported in pure amorphous Sb,^ G e , ^ " ^  and (In,Ga)Sb^^
films. In the case of the Ge and (In,Ga)Sb films, the only materials for 
which detailed investigations have been carried out, the transformation was 
triggered by a localized mechanical or optical energy impulse which produced 
crystallization only in the affected region. If the sum of the energy 
supplied by external heating and the heat of crystallization released from 
the transformed domain was sufficient to trigger an adjacent domain, then 
crystallization propagated throughout the film in a cascade process. A 
review of reported results in the explosive i.mpulse stimulated crystalli­
zation (ISC) of films reveals the following basic features of the trans- 
fromation: (1) ISC requires a localized energy impulse for initiation,
(2) the transformation is rapid (t < 1 msec for a sample with a surface 
area of lxl cm, (3) the transformation is exothermic, (4) the transition
3can be suppressed by sample cooling, (5) the transition can be suppressed 
in favor of normal crystallization by high temperature annealing, (6) the 
transformed sample exhibits changes in surface topography, (7) the topo­
graphical features of a transformed film indicate that the transformation 
propagates radially outward from the initial impulse or triggering point, 
and (8) propagation of the transformation cannot be initiated in films thin­
ner than a critical value and the transformation is halted at a critical 
thickness in films with a thickness gradient.
Figures 1 and 2, taken from reference 13, illustrate many of these 
features. In Figure 1 the sample resistance is shown as a function of temp­
erature for sputter deposited amorphous GaSb films heated at a rate of 
27°C/min. The as-deposited film in curve A was ISC-transformed at - 90°C,
while the minimum ambient temperature at which the transformation could be 
*induced, T , was increased to ~ 175°C for sample 3 which had been previously 
annealed at 180°C for 90 min. Sample C was heated up to 270°C without im­
pulsing it, allowing the film to begin crystallization by normal nucleation 
and grain growth. Following this thermal cycle, ISC could not be initiated 
at any temperature. The hysteresis effect observed in ISC transformed 
samples A and Bupon cooling is due to the highly exothermic nature of the 
transformation. Figure 2 shows the increase in T as a function of anneal­
ing time at 135°C and 175°C for amorphous In. ,Ga. ¿Sb films.U« h- 0 • 6
Aymerich and Delunas , ^  Takamori et a l . / 6  ^ Kikuchi, ^ ll  ^ and 
(13)Wickersham et al. have all proposed qualitative energy cascade models of ISC 
in which the heat generated by the rapid crystallization of a localized domain in 
the sample triggers the crystallization of an adjacent domain. However these models , 
by themselves , do not explain several observed features ofISC, for example: the 
effects os sample thermal history, the suppression of the transition by covering
4els')the surface of the sample with another film,v and the fact that ISC 
does not occur in films thinner than a certain critical value.
In the present paper, we present some new experimental results 
on ISC in amorphous (In,Ga)Sb alloys as well as a single thermal transport 
model with which all of the above discussed general features of ISC propa­
gation can be explained.
II. Experimental Procedure
(In,Ga)Sb films were grown by multi-target _sputter (MTS) deposition 
on Corning 7059 glass substrates which exhibit a good thermal expansion match. 
In the MTS technique,^ ’  ^ the substrate is mounted on a platen which is 
continuously rotated at a programmed frequency through two or more electri­
cally and physically isolated sputtering discharges. Two targets, InSb and 
GaSb, were used in the present experiments and pseudobinary (In,Ga)Sb films 
were formed by sequentially depositing partial monolayers of each component. 
Ion bombardment enhanced diffusion^16,17  ^ during growth was sufficient to 
allow the formation of homogeneous alloys. X-ray diffraction analysis gave 
no indication of superlattice compositional modulations.
The MTS system itself has been described in detail previously 
and will only be discussed briefly here. The system base pressure was 
~ 5x10 Torr (6.7x10 ^Pa), achieved in ~ 4 h using a liquid nitrogen trapped 
2500 H sec turbomolecular pump. Sputtering was carried out in 99.998% pure 
Ar which was further purified by passing it through a Ti sponge getter at 
900 C immediately prior to introduction into the vacuum system. The sputtering 
pressure used was 15 mTorr (2Pa) and the target voltages were varied between 
0 and -1500 V depending on the desired composition. The target to substrate 
separation was 3.9 cm and the substrate rotation rate was 8 rev/min. No
5substrate heating was applied. However, the films achieved a steady state 
growth temperature, T , of 100 + 20°C due to energetic particle bombardment 
from the discharges. Film thickness ranged from 0.2 to 4 pm.
Film compositions were determined with a JEOL electron microprobe 
using single crystal bulk GaSb and InSb wafers as reference standards.
Matrix corrections for x-ray fluorescence, absorption, and atomic number
/1QNwere carried out using the Magic IV program. ' The reported compositions 
are accurate to better than 0.5 at%. Film structure was analyzed using a 
Norelco x-ray diffractometer as well as by transmission electron microscopy. 
In the latter case the films were floated off the substrate in dilute HF. 
Scanning electron microscopy was used to investigate topographic changes in 
the films due to ISC. Resistivity and Hall measurements were also made on 
both pre- and post-transformed samples.
Initiation or triggering of impulse stimulated transformations in 
amorphous (In,Ga)Sb films required an energy impulse and an ambient sample 
temperature greater than some critical set of values which depended on the 
film thermal history and composition. The energy impulse was supplied either 
mechanically using a stainless steel stylus or optically using a pulsed 
0.75 W Ar laser. The stylus had a tip radius of 10 jjci and a normal load of 
130 g. The stylus velocity upon impact with a film was 10 cm/sec. The Ar 
laser produced 20 nsec pulses a rate of 10 MHz.
During all experiments the samples were in thermal contact with a 
heater which had a much larger thermal mass. The temperature of the samples 
was monitored continuously using a0.25mm diameter alumel-chrome1 thermo­
couple attached to the top surface of the film. The minimum ambient temp- 
erature at which an ISC transformation could be induced, T~, for a given 
sample thermal history and composition was determined by heating the sample
6from room temperature at a rate of 27°C/min while mechanically impulsing the 
sample at a frequency of 10 min 1. The transformation was observed by simul­
taneously monitoring, on an oscilloscope, the electrical resistance across 
the sample. For this purpose, electrical contacts were made to the edges 
of the sample using silver ink.
A schematic diagram of the circuit used to determine the onset of 
ISC is shown in Figure 3. The impacting stylus was used to trigger both 
the ISC transformation and the oscilloscope sweep. Sample resistance was 
monitored on strip chart recorder #1 and the film temperature as a function 
of time was recorded on strip chart recorder #2. When the transformation 
occurred, a large change in film resistance produced a voltage spike which, 
through the transformer, was superimposed on the thermocouple output thus
•fcdelineating T .
The rate of film tranformation was determined both by the change
in sample resistance and the change in film optical reflectivity with time.
A schematic diagram of the apparatus used in the latter technique is shown
2in Figure 4. A low intensity, 10 mW/cm , Ar laser beam expanded into a 
line 10 mm long by 35 ym wide was focused onto the sample using lens L^. The 
reflected light from the sample was in turn focused onto a photodiode by 
another lens L^. The photodiode response was then recorded on the oscillo­
scope which was triggered by the onset of the transformation. The propa­
gation velocity of the transformation was determined from the rate of 
change of the film reflectivity in the region probed as the crystallization 
front passed through the parent phase. Experiments, to be described in 
section III, were carried out to prove that impulse crystallization does 
not occur simultaneously throughout the film.
7III. Experimental Results
Figure 5a and 5b show dark field images and transmission electron 
diffraction patterns of an In ^gGa 52Sb film before and after complete 
ISC transformation. The as-deposited film shown in Figure 5a exhibited 
broad diffraction rings and a small grain (< 100 A) nearly-amorphous 
microstructure. After the transformation, the film grain size increased 
to 500 1 with considerable sharpening of the diffraction rings. Twins, as 
shown in Figure 5b, could be observed in ISC transformed films.
X-ray diffraction patterns from both an as-deposited and an ISC
transformed In ^Ga ^Sb film are shown in Figure 6. The ISC transformation
was carried out at T = T* 2 100°C for this a l l o y . T h e  as-deposited film
exhibited no observable structure in the x-ray scan while the transformed
film showed a well resolved (111) Bragg peak occurring at the same angular
position as found for films of identical composition and grown under the
same conditions, only having been post-annealed at 400°C for 2 h. Thus no
residual macrostress was observable in the ISC transformed film. Figure 6
also shows an x-ray scan from an In ,Ga .Sb film which had been annealed at.4 .6
180°C for 2.5 h. The film was partially crystallized and in this state, ISC 
could not be induced at any temperature.
The reflectivity of all films decreased after ISC transformation 
due to surface topographical changes. As-deposited amorphous (In,Ga)Sb films 
exhibited a smooth featureless surface as observed by scanning electron micro 
scopy (SEM) at magnifications of up to 5000 x. Figure 7a shows an SEM 
micrograph of a GaSb film transformed at a temperature T~ ~ 90°C. The trans­
formed surface exhibits regular undulations radiating from the triggering 
point. A similar surface morphology was obtained from an identical GaSb
sample grown in the same deposition but which pre-annealed for 1 h at 175°C. 
The thermal treatment increased t ' to 180°C.
8In all ISC-transformed films investigated, the surface structure 
appeared to have radiated from the triggering point. A further indication 
of this type of behavior is shown in Figure 8, a low magnification bright 
field transmission electron micrograph of a GaSb film transformed at a
ktemperature ~  T . The contrast is due to density fluctuations in the film 
caused by incomplete crystallization within each domain. The fluctuations 
are periodic with a wave vector given by the arrow which is pointing radially 
away from the triggering point signifiying a cascade process proceeding from 
domain to domain.
The regularity of the surface structure in transformed films may 
be increased by carrying out the transformation at temperatures greater than
kT . This is indicated by a comparison of Figures 9a and 9b which show SEM 
micrographs of In 356a ^Sb films of the same thickness transformed at
k100°C (~ T ) and 220°C, respectively. Carrying out the transformation at
ktemperatures much greater than T allows the entire domain to completely 
crystallize eliminating the periodic undulations due to changes in density 
between completely and pa rtially crystallized regions within each domain.
kThe increase in T with increasing mole % InSb in the film (e.g., 
90°C for GaSb to 100°C for In ^Ga g^Sb) has been reported previously and is 
dut to the increase in the crystallinity of the as-deposited film. Figure 10 
shows x-ray diffraction scans of as-deposited alloy films of different compo­
sitions. The diffraction patterns from films with less than ~  50 mole %
InSb exhibited no sharp peaks at all, while a (220) Bragg reflection, clearly 
shown for the In ^Ga ^Sb sample, began to appear in patterns taken from 
samples with greater than 50 mole 7° InSb. Polycrystalline III-V films de­
posited on glass substrates typically exhibit a strong (110) preferred 
(17)orientation.
9An experiment was designed to prove that the crystallization front 
does in fact propagate radially from the triggering point rather than the 
entire film crystallizing simultaneously. A low energy laser beam was ex­
panded into a line as described in section II. The beam was then oriented 
to illuminate a stripe along either the x or y-axis of the film as shown in 
Figure 11 by rotating lens I^Csee Figure 4). In case I the irradiated line 
was along a radial direction from the triggering point and in case II the 
irradiated- line was perpendicular to the radial direction. The change in 
reflectivity of the irradiated region of the film was then determined as a 
function of time after ISC triggering using the apparatus described in 
section II. If the transformation occurred simultaneously throughout the 
. film, the time derivative of the detected signal would be approximately the 
same in both cases. However, if the crystallization front propagated radial­
ly outward from the triggering point, then the results from the case I experiments 
would exhibit a much smaller time derivative than in case II as shown schmatically 
in Figure 11. The results, shown in Figure 12 for a GaSb film, indicated 
that the crystallization front indeed propagates radially. An analysis of 
the results yielded a propagation velocity,v, of —  300 cm/sec.
The rate of increase in the sample current for a given applied 
voltage during ISC was also used to estimate the propagation velocity. A 
typical result for a GaSb film transformed at T is shown in Figure 13.
The contact spacing was 0.5 cm yielding a propagation velocity of 330 cm/sec. 
In general, v was found to vary between 100 and 400 cm/sec depending on 
film composition and thermal history.
All amorphous In Ga Sb films could be made to exhibit an ISC
i .—X  X
transformation locally near the point of impulse. Whether or not the trans­
formation propagated throughout the film was found to depend on the thermal
10
history of the sample and the temperature at which the experiment was carried 
out, as has been shown, as well as on the film thickness. A set of samples 
of different compositions were grown with gradients in film thickness. In 
no case could ISC propagation be initiated in films thinner than 1.5 Pm.
If the phase transformation was initiated in a thick region, its propagation 
was halted abruptly at regions of the sample where the thickness was less 
than 1.5 pm. Propagation of the transformation was also suppressed in 
regions of the film which had been covered with thick overcoatings of in^O^ 
or silver ink. However, propagation continued for overlayers with thick­
nesses less than 1000 A.
IV. Thermal Transport Model of ISC
ISC can be described and analyzed using a simple thermal transport 
model. The as-deposited films are in a metastable state A as shown schema­
tically in Figure 14 and require an activation energy, E , to transform themgL
into a stable state 3. E is a material constant and in the case of
3l
(In,Ga)Sb, Ea was 'found to decrease with increasing InSb content. The enthalpy 
of crystallization per unit volume, AH^, shown schematically in Figure 14, is 
also a material property. The total heat released per unit volume during 
an exothermic ISC process is given by
Qc = a? . AHC (X)
where Aq is the fractional volume of film in metastable state A.
An amorphous film may be crystallized by heating it to a suffi­
ciently high temperature to allow grain growth from nucleation sites dis­
tributed throughout the entire film. Alternately, crystallization can occur 
exteremely rapidly (< 10 sec) in a local region or domain of the film 
which has been subjected to an energy impulse of sufficient magnitude to
11
provide E . The heat released from crystallization of this domain,
qc = where is the domain volume, is then dissipated by conduction
throughout the film as well as by heat loss to the substrate, q . Raditions
losses from the film surface can generally be neglected. If the heat trans­
ferred from the impulse crystallized domain to the adjacent incipient domain, 
q^, is sufficient, then it will also crystallize and the process can cascade
throughout the film. Depending on the values of E , AH , q , and the thermala c s
conductivity of the film k^, additional external heating of the sample may
also have to be supplied in order to achieve propagation of ISC. For example,
comparing Ge and GaSb, Ah is large enough with respect to E that propa-c a
gation of ISC occurs at room temperature in Ge, but GaSb must be heated to 
> 90°C in order to propagate the crystallized region.
We have shown in section III that the ISC crystallization front 
emanates radially from the triggering point as shown schematically in Figure 15. 
In our analysis we will then consider a segment of the film which has a length 
5 of unity, a width X, and thickness h. We assume that at time t = 0, the temp­
erature of the film segment is due to external heating as well as to the heat 
released from the crystallization of inner domains. However, is still less 
than T , the minimum domain temperature at which ISC occurs. At the instant,
t = 0, the inner domain adjacent to the film segment of interest releases qnc
which raises the temperature of the segment. If the temperature of the film
segment is increased such that it is everywhere greater than T . for a timem m
t > t ^, where t . is the time required for crystallization, then the
film segment itself will crystallize.
Crystallization of the film segment shown in Figure 15 requires that
qd > V n  (2)
during where
Snin= Cf (Tmin “ Tl) Vd (3)
12
and is the heat capacity per unit volume of the as-deposited film. At any
given time t following crystallization of the adjacent domain, the portion of
q released from this domain which still remains in the film is given by q and c t
qd = Vq£ = Y(qc - qs ) (4)
where y is the fraction of q^ transferred to the film segment, y depends 
upon the product k^h, and, to a lesser extent, upon the ratio of the thermal 
conductivities of the as-deposited and crystallized regions.
The equation governing the amount of heat lost to the substrate 
due to crystallization of a domain is of the same general form as the equation 
derived for the heat lost from a small local region of the film irradiated by 
a single laser pulse. (^>20) boundary conditions in the present case are
considerably more complicated since we can not assume that the temperature is 
homogeneous throughout the domain and that the domain length is small with 
respect to the film thickness as is done in pulsed laser heating. Thus closed 
form solutions cannot be obtained. Nevertheless, the functionality of the 
general solution is the same and given by
qs = qc fCep) (5)
where f(cp) is a positive function of the reduced time variable cp which is give 
given by
cp =
C k T .S S I„ 2, 2h ( 6)
In the above equation, C and k are the heat capacity and thermal conduc-s s
tivity, respectively, of the substrate. Independent of the boundary conditions 
chosen, f(cp) must be a continuous function whose value approaches zero when cp 
approaches zero and approaches unity when cp approaches infinity. Combining
equations (2), (4), and (5) gives 
V n < ™ c [1 - (7)
13
Substituting the definitions of qc and cp into equation (7), we finally obtain 
a functional expression of the requirement for impulse crystallization to 
propagate:
V n  < V v (4g) (iHc> 1 - f
C k q- . _ s s
o 2, 2Cf h
V. Discussion
It is possible using vapor phase deposition techniques such as
evaporation and sputtering to obtain sufficiently rapid thermal quenching rates
(21)to deposit metastable amorphous films. ' In such metastable films there is 
an activation barrier, E , necessary to transform the material into the equil­
ibrium crystalline state. This activation energy, typically 40 to 100 meV, 
is often expressed as the annealing temperature, T , at which normal crys-ct
tallization occurs in 1 h. For example, T ~ 450°C for evaporated amorphousa
Ge and ~  240°C for sputtered amorphous GaSb.
Chopra*'22'* investigated amorphous to crystalline transformations in 
Ge films occurring due to normal nucleation and grain growth and found that 
the total time required for complete film crystallization could be described by
Ti = T0 exP(Ea/kT) (9)
where tq and both varied with film purity and growth conditions. The
addition of various metallic impurities, at concentrations of up to 5 at %,
-29 18resulted in t values ranging from 3.2x10 sec to 5x10" sec while E varied ° a
from 3.1 eV to 1.5 eV. Kennedy et a l / 2^  found that the presence of oxygen, 
carbon, nitrogen, and noble gases in amorphous Si tended to impede crystalli­
zation by increasing E . Film stress can also significantly alter the free 
energy of the film and affect the activation energy of crystallization/24'*
^a ^°r films sputter deposited onto 7059 glass substrates under the same
14
conditions as the GaSb films reported here, is sufficiently small that the 
films are crystalline as-deposited at ambient temperatures, ~ 100°C. For 
In Ga Sb alloys, E increases with increasing mole % GaSb until, for films 
with greater than 40 mole % GaSb, no Bragg peaks are observed in x-ray dif­
fraction patterns.
Impulse stimulated crystallization is a process in which an amorphous 
film is crystallized in a cascading manner, domain by domain, rather than by 
random nucleation and growth occurring throughout the film. In ISC, only a 
limited region of the film is pulsed with sufficiently high energy for a time 
period to allow crystallization. The heat of crystallization released by 
this exothermic reaction provides the "energy pulse" for the next domain to 
crystallize, etc. In principle, a local region of an amorphous film can always 
be crystallized by providing a large enough energy pulse over a sufficiently 
short time to minimize thermal loss. Whether or not, the crystallization 
process will cascade throughout the film depends on film growth conditions 
through parameters such as and h, material parameters such as E and AH ,
3. C
and experimental conditions such as the temperature and the volume of the 
initial domain. The critical functional relationship between these various 
parameters is expressed in equation (8).
The value of T ^ , the critical temperature of the domain as it 
undergoes ISC, can be estimated for Ge from reported values of the domain size 
and the total time required to crystallize the film combined with Chopra's
l:measurements of r and E for pure Ge. Thus, for a value of T. = 10"sec
0 3 . 2. ^
corresponding to a propagation velocity of ~ 100 cm/sec for a domain length 
-4of 10 cm, T^.n ~  860°C. While this temperature is larger than reported 
measurements, typically ~ 500°C,^’^  the experiments were carried out such 
that the measured temperature was either an average over a very large spatial
15
region of which only one domain was crystallizing at a time (infrared
(8 )pyrometry ) or an average over a long time period with respect to a given
(9)impulse crystallization event (differential thermal analysis ). There is 
also some experimental evidence that Tmin may be much larger than 500°C.
Triboluminescence ranging in wavelength from the infrared down into the 
visible spectrum has been observed during ISC of G e . ^ ^  The emission of 
visible light in Ge only begins to occur at a surface temperature of > 700°C.
The effects of sample heating or cooling on ISC can be explained 
using equations (3) and (8). Decreasing the initial sample temperature T 
(hence T^ in equation (3)), increases ^  and below some critical temp­
erature the inequality given by equation (8), which expresses the necessary 
condition for ISC propagation, will not hold. This explains the observation
/ o \
reported by Matsuda et al. that ISC propagation in Ge, which can be 
actuated at room temperature, is suppressed by cooling the sample to 77°K. 
Similarly, in the case of In^ ^Ga^Sb films, T was found to increase with 
increasing mole % InSb due to a concomitant decrease in both A£, the volume 
fraction of amorphous material, and Ajj the enthalpy of crystallization.
A decrease in either of these terms decreases the right side of the in­
equality in equation (8). The volume fraction of amorphous material can 
also be decreased by annealing the film prior to ISC transformation and 
allowing the film to partially crystallize by normal processes. Such a 
pre-anneal will thus increase T and at some point prevent ISC propagation 
from occurring at all.
The film thickness effect in ISC transformations can also be explained 
using equation (8). A decrease in the film thickness, h, reduces the value of 
the right side of the inequality and at some point the equation predicts that
16
ISC will no longer propagate as is observed experimentally. The critical value 
of h is determined by thermal losses from the film. That is, as h decreases, 
f(cp) approaches unity and approaches q^. Finally, equation (8) predicts that 
ISC will be more difficult to propagate as the heat capacity and the thermal 
conductivity of the substrate increase. Encapsulation of the film has the 
effect of increasing the thermal loss from the film and for all other conditions 
held constant, ISC propagation will be halted at a critical encapsulation layer 
thickness which depends on the thermal constants of the layer.
A practical application of ISC in materials like In Ga Sb, for
i  - X  X
which T is greater than room temperature, is information storage. Pulsed 
lasers can be us-ed to '‘write” on the film producing either positive or negative 
images. In order to produce a positive image, the film is maintained at a
ktemperature less than T and subjected to a series of laser pulses. The 
first few pulses heat the irradiated region to a temperature greater than
kT , while the next pulse transforms a single domain. Propagation does not
koccur throughout the film since T < T . The information may be ’’read” by 
rastering a low energy laser beam, such as from a He-Ne laser, across the 
transformed region and monitoring the change in reflectivity with a photo­
diode. The reflectivity of the transformed region is significantly less 
than that from the matrix.
A negative image may be produced by adjusting the power output of 
a laser beam to anneal a local region of the film, a spot or a line for example, 
initiate normal crystallization, and raise T in this region. The entire
kfilm is then heated above the initial T , and ISC propagation induced using 
a higher energy laser pulse. The pre-annealed regions will not transform
17
by ISC and thus their reflectivity will remain high while that of the 
transformed matrix will be significantly lower.
Spot or line resolutions on the order of 1 M  may be obtained using 
the negative image technique. It appears that this resolution is limited 
both by focusing optics of the laser beam itself and by the minimum obtainable 
undulation period. A considerable increase in resolution may be possible 
using electron beam writing to produce a positive image. In this case, con­
trast during reading might be provided by monitoring the sample current to 
ground if the resistivity ratio is sufficiently large or by monitoring 
changes in secondary electron yields.
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Figure Captions
1. Resistance across the sample vs measurement temperature for amorphous
GaSb films heat at a rate of 27°C/min. (A) As-deposited film,(B) Film
pre-annealed at 180°C for 90 min. (C) An as-deposited GaSb film crystal­
lized by normal nucleation and grain growth.
2. Minimum ISC transition temperature for In^ . Ga_ -Sb films as a function0.4 0.6
of pre-annealing time at 135 and 175°C.
3. Schematic diagram of the circuit used to determine the onset of ISC.
4. Schematic diagram of the apparatus used for optically probing the ISC 
transformation. The beam geometry in case I and case II is shown in 
Figure 11.
5. Transmission electron microscopy dark field images and electron dif­
fraction patterns from an InQ 4gGaQ 5?Sb film (A) before and (B) after 
ISC transformation.
6. X-ray diffraction patterns from InQ ^GaQ gSb films in the as-deposited 
state, after annealing for 2.5 h at 180°C, and after ISC transformation 
at 100°C.
7. A scanning electron micrograph showing the surface topography of an ISC 
transformed GaSb film.
8. Bright field transmission electron micrograph of an ISC transformed GaSb 
film. The arrow indicates the direction of propagation of the crystalli­
zation front.
9. Scanning electron micrographs of ISC transformed Inn 0cGa„ rcSb films inU.35 0.65
which the transformation was carried out at (A) T '= 100°C and (B) 220°C.
10. X-ray diffraction scans of as-deposited In.. G Sb films grown at ambient1-x ax
temperature on Corning 7059 glass substrates.
11. Schematic diagrams of optical probing experiments for investigating 
impulse stimulated crystallization.
12. Results of optical probing experiments investigating impulse stimulated 
crystallization of an amorphous GaSb film. Case I and case II refer to 
the laser beam geometries shown in Figure 11.
13. The change in the current flowing through the sample in response to a 
constant applied voltage during impulse stimulated crystallization of 
a GaSb film.
14. Schematic diagram showing the energy levels of the metastable and
crystalline states of GaSb and In^ 25^a 0 75^ respectively.
E is the activation energy for crystallization of an amorphous filmcL
and AHc is the enthalpy of crystallization.
15. Schematic diagram indicating a segment of a ring shaped domain during 
the propagation of an impulse stimulated crystallization front.
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1. Resistance across the sample vs measurement temperature for amorphous 
GaSb films heat at a rate of 27°C/min. (A) As-deposited film,(B) Film
pre-annealed at 180°C for 90 min. (C) An as-deposited GaSb film crystal­
lized by normal nucleation and grain growth.
2. Minimum ISC transition temperature for In ^Ga^ ^Sb films as a function 
of pre-annealing time at 135 and 175°C.
3. Schematic diagram of the circuit used to determine the onset, of ISC.
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4. Schematic diagram of the apparatus used for optically probing the ISC 
transformation. The beam geometry in case I and case II is shown in
Figure 11.
5. Transmission electron microscopy dark field images and electron dif­
fraction patterns from an I V 4 8 Ga0.52Sb film (A) before and (B) after
ISC transformation.
6. X-ray diffraction patterns from In^ .Ga^ ^Sb films in the as-deposited 
state, after annealing for 2.5 h at 180°C, and after ISC transformation
at 100°C.
7. A scanning electron micrograph showing the surface topography of an ISC
transformed GaSb film.
8. Bright field transmission electron micrograph of an ISC transformed GaSb 
i-ilm. The arrow indicates the direction of propagation of the crystalli- 
zation front.
9. Scanning electron micrographs of ISC transformed Inn ~cGan ,_Sb films inU.jj U.65
which the transformation was carried out at (A) T'= 100°C and (B) 220°C.
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10. X-ray diffraction scans of as-deposited In.. G Sb films grown at ambient 
temperature on Corning 7059 glass substrates.
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11. Schematic diagrams of optical probing experiments for investigating
impulse stimulated crystallization.
12. Results of optical probing experiments investigating impulse stimulated 
crystallization of an amorphous GaSb film. Case I and case II refer to 
the laser beam geometries shown in Figure 11.
13. The change in the current flowing through the sample in response to a 
constant applied voltage during impulse stimulated crystallization of
a GaSb film.
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14. Schematic diagram showing the energy levels of the metastable and 
crystalline states of GaSb and In^ 25^a0 75^  ^^-^ ras > respectively.
E is the activation energy for crystallization of an amorphous film a
and AH is the enthalpy of crystallization, c
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15. Schematic diagram indicating a segment of a ring shaped domain during 
the propagation of an impulse stimulated crystallization front.
